STUDY AREAS AND METHODS

Study Areas
All
Field and Laboratory Methods
Specimens were weighed and measured at field laboratories. Measurements included (flattened) Wing, (diagonal) Tarsus, and Culmen (post nares). External features and gonads were examined to ascertain the sex and age (young of the year and older; Lewis 1979) of each bird. Subspecies were identified according to Johnson and Stewart (1973) . 569 [ 1985 ] After all internal examinations were completed and contents were removed from the esophagus and gizzard, incisions in the carcass were closed to minimize desiccation, and the specimens were frozen for additional analysis. (Because cranes taken in Texas were held longer and may have desiccated, we omitted these birds from analyses involving water content.) Feathers were plucked and frozen specimens were transported to Raltech Scientific Services, Inc., Madison, Wisconsin, for analysis of body composition. Standard procedures (Horwitz 1975) were employed on homogenates of whole carcasses to estimate total water content, total lipid content, percentage protein, ash, and Ca. Lipid was extracted by the Soxhlet procedure using petroleum ether, with duplicate analyses for each specimen. Nitrogen was determined by the Kjeldahl method (Horwitz 1975 ) and converted to equivalent protein on the basis of the assumption that animal protein is 16% N.
A Model of Condition
We employed the Lipid Index:
Lipid Index = Fat/Fat-free Dry Weight. This index scales the fat content by a measure of structural size (Owen and Cook 1977:382) , in recognition that 100 g of Fat has different meaning to a bird of 50 g lean weight than to one of 500 g lean weight. This scaling is particularly important for species such as the sandhill crane that vary considerably in size (e.g., Johnson and Stewart 1973). Schmidt-Nielsen (1979: 315) illustrated how a ratio such as Lipid Index is preferable to percentage data for portraying the importance of a body constituent.
For the purpose of statistical modeling, we made the transformation CI = log(Lipid Index + 1) because of the allometric nature of the variables and because logarithms are generally suited for linearizing ratios. The transformation produces a function that is more readily approximated by a regression equation. 
Statistical Methods
We developed the predictive equation with a robust regression procedure, which reduced the effect of any aberrant data points. We wanted to portray the general relationship within a group of birds, whereas ordinary regression analysis tends to distort the predictive equation if one or more individuals deviate markedly from the rest.
We employed the iterative weighted least squares procedure (Mosteller and Tukey 1977) . We first calculated the usual regression equation and then used residuals from the equation (predicted values minus actual ones) as weights in another iteration. We gave points lying close to the regression line weights near one and points far from the line smaller weights. We next calculated the second regression, employing these weights, which produced another regression line and new residuals. We then used these residuals as weights in the third iteration, and so on. The process converged rapidly, with a net effect that deviant observations received little weight in the analysis, and the regression line fit the main swarm of points.
The weights 
RESULTS
Sandhill Crane
The sandhill cranes in our samples included both lesser (G. c. canadensis) and the Canadian (G. c. rowani) subspecies. These subspecies differ in breeding range and also in various morphological measurements including Wing, Tar We tested the model by performing a threefactor analysis of variance (ANOVA) on residuals calculated from the model. No effects due to subspecies or sex were significant, indicating that the model performed equally well for all of those groups. The age effect was significant (P = 0.03); the predictive equation tended to underestimate Lipid Index among young birds and to overestimate it slightly for old birds.
A Horwitz 1975) provides the standard against which others are evaluated, but requires the collection of specimens and is both expensive and time-consuming. Other methods are based on body weight-either alone or in combination with morphological information, on water content, or on the size of specific fat depots. We evaluated, with our samples of cranes and geese, several published condition indices on the basis of how well they could predict either Fat or Lipid Index. The squared correlation coefficient indicates how close the values of a measure and the true value are to a straight line. For those measures that attempt to predict Fat, we also determined the bias shown by the predictor when applied to the birds in our samples. A high r2 suggests that the measure has merit as an index; a high r2 together with a small bias indicates that the measure is also useful for predicting Fat, at least in our samples.
Body Weight
Gross body weight is an index to fat content that can be taken readily from live birds without harm. Among cranes (Table 1) Table 2) We found excellent correlations between percent water and Fat (r2 = 0.870 for cranes and r2 = 0.813 for geese). Percent water correlated even more closely with Lipid Index (r2 = 0.894 for cranes and r2 = 0.858 for geese). (Table 1) and geese (Table  2 ). The strength of association was the same regardless of whether the original or derived coefficients were used, but the original ones led to modest negative biases.
Campbell-Leatherland Method
The third method for using water extraction data involves two assumptions: (1) In conclusion, estimates of Lipid Index and total fat are valuable for a variety of management and research purposes, and both should be obtained whenever feasible. The Lipid Index is more appropriate when comparisons are to be made among age, sex, or taxonomic groups that differ markedly in size, whereas total fat is more valuable for within-species analyses that address the contribution of nutrient reserves to egg production, migration, and maintenance.
Various methods have been put forth for estimating fat content of wild birds (but little has been done regarding Lipid Index). Certain features of these techniques can be identified. Fat extraction is the most accurate of the methods but requires a dead specimen and sophisticated equipment.
Water extraction is a simpler but fairly timeconsuming laboratory procedure. Percent water is a good index to fat content, but can be considerably improved by either the Child and Marshall (1970) Examination of lipid depots provides a good index to fat and may give adequate estimates as well, but its performance as an estimator should be verified on each sample of birds. The method is relatively simple and need not destroy the entire specimen.
Body weight alone is a fair index to fat, but can be misleading among groups of birds in which size differences are appreciable. Scaling weight by a structural measurement will usually improve its value as an index and may serve as a good predictor if the coefficients are derived from the same group of birds. Regression equations in logarithms of measurements, such as those developed in this report, have greater flexibility than equations involving ratios, such as Weight/Wing, which restrict the coefficients of the numerator and of the denominator to be equal but of opposite sign. Robust fitting methods provide predictive equations less influenced by unusual observations. 
LITERATURE CITED
